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摘        要 
分子识别是超分子化学的核心研究内容之一，包括离子和中性分子的识
别。硫脲类受体具有氢键结合位点，可与阴离子通过双重氢键作用，同时硫















第一节：研究了乙腈中阴离子对 biNBTUs (L1-L4) 受体的吸收光谱影响。
发现阴离子中唯有 F−能使 L1-L4 的吸收光谱发生明显变化，且溶液由无色转
变为橙黄色，表明该类分子对 F−具有极高的选择性，可直接“裸眼”鉴别和
检测 F−。1H NMR 滴定表明，F− 诱导的该类受体分子溶液颜色的变化并非源
于受体分子与 F− 的真正结合，而是由于在强碱性介质中受体分子发生[LH·F] − 





























受体与三种不同形状的阴离子 (F−, CH3CO2−和 H2PO4−) 的结合常数均达到
106 mol−1 L 数量级，表明受体分子 L8 对阴离子的识别受控于阴离子的结构和
碱性。另一方面，虽然受体分子 L8 提高了与阴离子的结合强度，但却降低了
选择性，使其无法区分碱性相近的阴离子，如 CH3CO2−和 H2PO4− ，但仍可以
通过比色法区分碱性差异较大的阴离子，如 F−和 Cl−。  
第三节：鉴于硫脲分子中 N, S 等配位原子的特殊作用，m-Br-BbiABTU 
(L8)不仅是一类良好的阴离子受体，同时有望通过配位作用实现阳离子识别。
本节研究了受体 m-Br-BbiABTU(L8) 在水-乙腈二元混合溶剂中对过渡金属
离子 Cu2+，Pb2+，Zn2+，Cd2+，Hg2+和 Ni2+的响应。发现受体 L8 只与 Hg2+有
较好的配位作用。为进一步改善受体对阳离子的结合，通过结构调控，设计
合成了吡啶为软功能结合位点的 m-Br-PybiABTU (L9)阳离子受体。研究了不


































只在短波长约 330 nm 处出现新的吸收峰。其它离子 Zn2+, Cd2+或 Ni2+的加入，









































Molecular recognition is an important research area in supramolecular chemistry. 
It includes neutral molecule, anion or cation recognition. Urea or thiourea subunit 
is currently used for the design of neutral receptors for anion, owning to their 
ability to act as H-bond donors. In particular, urea or thiourea can establish two 
directional H-bonds with the Y-shaped carboxylate group or chelate a spherical 
anion. Meanwhile, the atoms N, S (O) of (thio)urea are good for cation 
coordination. 
In this thesis, we use thiourea as a molecular bonding site coupled with 
photochemical or electrochemical unit as signal reporter group to construct 
photochemical or electrochemical sensors. The thesis consists of four chapters.  
In Chapter 1, research in anion recognition was briefly reviewed according to 
monitoring methods: (1) NMR study of anion recognition, (2) optical recognition 
of anions, and (3) electrochemical recognition of anions. The research proposals of 
this thesis were presented on the basis of the development of anion recognition 
research. 
Details of synthesis and characterization of totally 14 thiourea-based derivatives 
and the equipments, materials, and methods involved in this thesis were presented 
in Chapter 2.  
Optical recognition based on thiourea was reported in Chapter 3. 
A series of novel sensors based on bi-nitrophenyl thioureas (biNBTUs) and 
bi-amidothioureas (biABTUs) were synthesized in Chapter 3. This chapter was 
divided into three sections. 
In section 1, colorimetric sensors, biNBTUs (L1-L4) were designed that allowed 















anions, such as CH3CO2− and H2PO4−. The colorless solution of biNBTUs in 
acetonitrile turned into orange-yellow in the presence of F−. 1H NMR titration 
experiment showed that the significant color change of the solution was not caused 
by hydrogen-bonding interaction between receptors and F−. It originated from 
deprotonation in the receptors in the presence of excess amount of F−. This process 
underwent the equilibrium of [LH·F]−+ F−  L−+ [HF2]−. In addition, the 
interactions between receptors and CH3CO2−，H2PO4− and dicarboxylates were also 
investigated. The results indicated that the basicity and structure of anions played 
important roles in their recognition. Furthermore, the influence of carbon atom of 
the spacer in biNBTUs was investigated. It showed that with increasing number of 
the carbon atom in the spacer, the maximum absorption of the receptor shifted to 
the red gradually in the presence of anion and the binding constants increased. 
  On the other hand, the absorption spectra of control molecules, mono- thioureas 
NBTUs (L5-L9) were found similar to those of biNBTUs (L1-L4). However, 
similar but smaller spectral variations were observed with H2PO4−. Bisthioureas 
displayed a sensitive response in their absorption spectra toward with H2PO4− in 
acetonitrile which could be understood on the basis of the guest basicity and the 
structure of the complex. The binding of H2PO4− with four oxygens affected both 
chromophores via multitopic hydrogen bonds to increase the hydrogen-bonding 
ability between receptors L1-L4 and anion. Experimental results indicated that 
electron-withdrawing substituents at the phenyl ring would enhance the acidity of 
the thioureido -NH protons which in turn reinforces the anion binding. However, 
this method was limited because deprotonation would occur with the enhancement 
of the thioureido -NH proton acidity under certain conditions.  















another bisthiourea m-Br-BbiABTU (L8) was synthesized in section 2. L8 is a 
cleft receptor with special spacer -CONHNH-, which could increase anion binding 
ability, especially for the tetrahedral oxoanions (H2PO4−). The binding constants of 
complexes with anions such as F−, CH3CO2− and H2PO4− were all at 106 mol−1  
Lorder of magnitude in acetonitrile, which means special structure of receptor L8 
increases the sensitivity for anions, however it decreased the selectivity of anions 
with similar basicity such as CH3CO2− and H2PO4−. Therefore, the color 
differentiation among F−, CH3CO2− and H2PO4−  was not feasible. However, the 
special receptor still allowed for colorimetric differentiation of anions without 
similar basicity.  
Thiourea generally coordinates with metal ion through the sulphur or nitrogen 
donor atom, therefore m-Br-BbiABTU (L8) was expected to coordinate with 
cations. In section 3, the interactions between receptors and transition metal 
cations such as Cu2+，Pb2+，Zn2+，Cd2+，Hg2+ and Ni2+ were investigated in water- 
acetonitrile mixed solvents. Experiments indicated that only Hg2+ had obvious 
effect on the absorption spectra. In order to enhance the spectra of receptors 
towards cations, L9 was designed employing pyridine instead of phenyl in L8. L9 
was found to be the most selective for Zn2+ than for the tested cations such as 
Cu2+，Pb2+，Cd2+，Hg2+ and Ni2+ in 50% water-50% acetonitrile mixture of pH 7.2, 
making it possible to recognize Zn2+ of biological relevance. 
Electrochemical recognition based on thiourea was reported in Chapter 4. A 
series of novel sensors of ferrocenyl amidothioureas (FcTUs) structure were 
synthesized. This chapter was divided into two sections. 
A series of new receptors N-ferrocenylamido-N’-substitute-phenylthioureas 















section 1. The receptors binding anions likely inducing structural change were 
studied by three methods: NMR, electrochemical and photochemical investigations 
in acetonitrile. Through incorporating optical and electrochemical units into one 
molecule, a significant ground state charge transfer “switched on” by anions 
shown in UV-Vis spectra was easily converted into message which exhibited in 
cyclic voltammetry (CV) curve. In addition, 1H NMR titration supported the nature 
of hydrogen-bonding interaction between receptors and anions.  
On the basis of the results of section 3 in Chapter 3, we extended to investigate 
the optical and electrochemical binding properties of N-ferrocenylamido-N’- 
phenylthiourea (L12) with cations in acetonitrile in section 2 of this Chapter. In the 
presence of Cu2+, a new band appeared at longer wavelength of the absorption 
spectrum with changes of solution color. In the presence of Hg2+ or Pb2+, new 
bands at shorter wavelength ca. 330 nm were observed, whereas cations such as 
Zn2+, Cd2+ and Ni2+ let to only small changes in the absorption spectra. Upon 
addition of cations in acetonitrile resulted in significant athodic shifts of the L12 
oxidation potential to the extents in the order of Pb2+>Hg2+> Cu2+>Zn2+~Ni2+~Cd2+. 
It is worthy mentioning that the CV curves upon addition of anions exhibited 
differed behavior affinity, two-wave or one-wave behavior, depending on anion 
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